The present research work was undertaken to assess the effect of gibberellic acid (GA 3 ) applied exogenously to the Safflower plant for the study of pollen behavior. A cytological characterization in safflower from meiosis to pollen formation revealed that whereas meiosis was recorded to be normal in control plants with normal microsporogenesis, GA 3 -treated plants possessed disturbed tetrad configurations of pollen. GA 3 caused deductions in pollen yield and increased the formation of abnormal meiotic products. Our study elucidates that the microspore sacs, instead of having normal four microspores, possessed 1 (monad), 2 (dyads), 3 (triads) and even up to 5 (polyads) microspores, which may produce unreduced gametes at later stages. A significant variation in the degree of pollen mortality was also displayed amongst these pollens. Another interesting feature noticed during the study was the fusion among tetrads due to wall dissolution.
Safflower is one of the most important oil crops in the world due to the favorable fatty acid composition of the oil with regard to human consumption. The seeds contain 35-50% oil, 15-20% protein and 35-45% hull fraction (Rahamatalla et al. 2001) . The oil is high in linolenic acid, an unsaturated fatty acid that aids the lowering of blood cholesterol levels (Cosge et al. 2007) . Besides this, the plant has gained significant interest amongst scientists as a drought-tolerant crop, which is capable of obtaining moisture from levels not available to the majority of crops (Weiss 2000) . Since not much work on the cytology of the plant has been done so far, due to the poor staining capability and stickiness of chromosomes, the present work enumerates the influence of gibberellic acid on the reproduction capacity of the plant via the study of pollen grains, as the pollen sterility system is useful in hybrid breeding and obtaining pollen sterile female plants (Baydar 2002) . It is well known that every sample of angiosperm pollen may contain several percent of dead grains, although the reasons of pollen mortality are insufficiently studied (Drake et al. 1998) . Safflower plants treated with exogenous GA 3 applications to the buds before flowering produced no or insufficient pollen because of inhibition of microsporogenesis (Baydar 2000 (Baydar , 2001 as can be evidenced from our study also. For economical and practical hybrid seed production in safflower, attempts have been made to benefit from genetic or synthetic pollen sterility (Heaton and Knowles 1982, Baydar 2001) . Thus the present study is an attempt to analyse the effect of GA 3 treatment on the pollen sterility of safflower.
Materials and methods

Procurement of seeds and chemicals
Seeds of safflower (Carthamus tinctorius L.) were obtained from the National Bureau of Plant Genetic Resources, New Delhi (India) and gibberellic acid was obtained from Merck, India.
Gibberellic acid treatment
Healthy and uniform-sized seeds of safflower were selected and presoaked in distilled water for 2 h. These seeds were then transferred in their respective pots for germination. On the onset of budding, the plants were sprayed with 100 ppm, 200 ppm, and 300 ppm concentrations of GA 3 3 times at a regular interval of 7 days. Untreated plants were considered as control. Cytogenetical analysis was carried out using 2% acetocarmine. A detailed study of pollen was also carried to evaluate the pollen yield and deviations from the normal course in pollen arrangement. Photomicrographs were taken using a Nikon image capturing system.
Results
Cytogenetical evaluation
The cytogenetical study of the plant suggests that the chromosome pairing is normal at diakinesis with 12 bivalents. Data regarding the induction of meiotic abnormalities at metaphase and anaphase after GA 3 treatment with successive sprays has been presented in Table 1 . After the treatment there is an increment in chromosomal aberrations at various stages, although the frequency of different anomaly varied. Data given reveals that the frequency of metaphasic abnormalities was more than that of anaphasic anomalies.
Pollen study
Microsporogenesis was not affected in the control plants but plants treated with GA 3 possessed highly disturbed microsporogenesis and the formation of a high percentage of abnormal microspores was observed. Results obtained during the present investigation elaborate that GA 3 could prove to be an effective chemical in upbringing pollen mortality and inducing successful pollen sterility. Spraying with 100 ppm did induce sterility, although not to the amount observed with 200 and 300 ppm concentration treatment. 200 ppm with 2 sprays produced 50% pollen sterility and 300 ppm dose proved to be very effective in inducing pollen sterility (Table 1 ). Significant parts of the study were the variation in microspore arrangement/types, the degree of existence of dead pollen grains in microspores, and the rare occurrence of cytomixis (via cytoplasmic channels, cell fusion and syncyte formation) as presented in Table 2 and picturized in Plates 1, 2.
Normal pollen tetrads are radially symmetrical thus producing four haploid pollen grains as shown in Plate 1, Fig. 1 . However, disturbed arrangement of pollen (Plate 1, Fig. 2 ) and overlapping of pollen was also reported (Plate 1, Fig. 3 ), which may arise due to disturbed cleave furrow formation. Figs. 4-6 of Plate 1 depicts the elimination of single pollen from the tetrad. Figs. 7 and 8 rep- resent a tetrad with 2 adjacent empty grains. Fig. 9 of Plate 1 and Figs. 1, 2 of Plate 2 show a normal triad, a triad with a single dead grain and a totally sterile triad with all the contents being disappeared. Low frequency of dyad and monad was also recorded (Plate 2, Figs. 3-5) with a totally sterile dyad being reported in traces. Fig. 6 of Plate 2 shows a polyad formation that was recorded maximally at 300 ppm treatment sets.
The last 3 figures of Plate 2 signify a peculiar part of our study where Fig. 7 shows formation of cytoplasmic channel between 2 pollens associated with release of 1 extra nucleus. Fig. 8 shows fusion between 2 cells containing tetrads, and Fig. 9 depicts the dissolution of the cell wall of tetrads thus forming a condensed mass within microsporocyte. 
Discussion
Compound pollen grains in the form of dyad, triad, tetrad, polyad, or pollinium occur in more than 56 families of angiosperms (Knox and McConchie 1986) . These studies may be correlated to ours where abnormal microspore formations in the form of monad, dyad, triads, and abnormal arrangement of tetrads and polyads were obtained.
The tetrad is the product of the particular spatial orientation of the spindle with respect to each other during anaphase II. At the end of telophase II a cleavage furrow is formed between the 4 meiotic products and a tetrad is formed (Becerra et al. 2002) . Variation from normal tetrad arrangement has been reported in many plants, which may arise due to disturbances in spindle behavior to divide the tetrads normally and thus results in the formation of abnormal meiotic products. The deviation from normal tetrad arrangement is caused by parallel and fused spindles that form dyads and that of triads through the formation of tripolar spindle (Becerra et al. 2002 , Singhal et al. 2008 . In the tetrad stages of meiosis a monad, dyads and triads were reported in Sweet Potato by Becerra et al. (2002) which can be correlated to our study where such deviations were also noticed. The formation of dyads and triads was also reported in Paspalum (Pagliarini et al. 1999 ) was due to absence of cytokinesis at the end of meiosis I. However formation of polyads occurs when absence of spindle in second meiosis at metaphase and anaphase were not observed; instead II cytokinesis occurs in prophase II cells after cytokinesis I and the final product of meiosis was completely abnormal with a predominance of polyads with microspores having abortive pollen grains (Pagliarini 2000) . Such a report validates the observations found in our study. During our investigation some pollen with dead grains were also observed at various stages, such as at tetrad, triad and dyad. Such results were also obtained by Berdinikov et al. (2002) in Typha latifolia L. where they reported pollen clumps with empty tetrads where all anther contents perished for some or other reason. They reported tetrad with 2 dead pollen grains which may result mostly from non-disjunctionin anaphase I, and those with 1 pollen grain from non-disjunction at anaphase II, thus making tetrad analysis ineffective for estimating the rate of gametophytic lethals (Berdinikov et al. 2002) . Copenhaver et al. (2000) discovered that a microsporocyte heterozygous for a recessive gametophytic lethal should result in a tetrad with 2 dead grains as found in our study (Figs. 7, 8 of Plate 1). Occurrence of monad and total elimination of 1 genome may result in the production of haploids (Becerra et al. 2002) . Interesting feature of the study was the formation of cytoplasmic channels between pollen, which may be manifested as an effect of chemical used on the concerned plant. Cell fusion between 2 tetrads might be a probable cause of male sterility in the plant. Fusion of PMCs was also reported by Mehra and Kalia (1973) and Mendes-Bonato et al. (2001) where they interpreted such fusion to be the originator of syncyte formation, which further gave rise to abnormal sized pollen grains. The cause of syncyte formation may be diverse and can be presumed to be due to chemicals such as Xrays, temperature, culture conditions (Stern 1946 , Pantulu and Manga 1971 , Peeters t al. 1985 and genetic factors (Pantulu and Manga 1971 , Rao and Koduru 1978 , Rao et al. 1991 , Nirmala and Rao 1996 . Nirmala and Rao (1996) even reported that these factors are a major cause of male sterility. Thus our study strongly suggests that GA 3 is a potent chemical for the induction of male sterility or pollen sterility in safflower, which was in concordance with the studies conducted by Shuster (1969) , and Seetharam and Kusumkumari (1974, 1975) on sunflowers by spraying GA 3 at bud initiation stage. 
